Electronic Version 
Stylesheet Version vl.1.1 


Description 


MULTI-LEVEL SEAL 

Background of Invention 

[0001] The present invention relates to seals, gaskets and the 
like, and more particularly to a multi-level seal or gasket 
to retain or seal toner in a printer cartridge or the like. 

[0002] Sealing subassemblies with multiple interfacing surfaces 
that are at different elevations, levels or topologies can be 
challenging. This problem can be exacerbated when the 
multiple elevations or levels are concentric and require 
proper alignment and cooperation to form efficient seals. 
One example of sealing multiple surfaces with differing 
levels and topologies is a printer cartridge. The seal must 
prevent leakage of toner and not interfere with proper op- 
eration of internal components of the cartridge. Difficulty 
in sealing a cartridge increases when multiple contoured 
surfaces and geometries are introduced at different levels 
between components or subassemblies, such as a mag- 
netic or mag roller subassembly and a tone hopper sub- 
assembly. In some cartridges, the toner low sensing 


mechanism may obstruct the seal from lying flat against 
the sealing surface of the magnetic roller subassembly. 
Multiple plane geometries in the sealing interface areas or 
surfaces can produce voids prohibiting the seal from seal- 
ing properly. On the toner hopper assembly, changing 
topologies or levels between upper and lower sealing sur- 
faces also increases sealing difficulty. The height differ- 
ence between the two surfaces is important because the 
toner low sensing mechanism must be positioned between 
the upper and lower sealing surfaces of the hopper sub- 
assembly after final assembly of the two subassemblies. 
The presence of a seal or portion of the seal between the 
toner low sensing mechanism and the toner could inter- 
fere with a proper toner low indication. Additionally, the 
seal should not over hang or extend over a lower sealing 
surface and partially protrude into the toner hopper be- 
cause toner may become trapped underneath the seal. 
Trapping some toner could reduce the number of pages 
printable by restricting the toner from being introduced to 
the magnetic roller. Further, sealing problems may occur 
when exit geometries from the lower sealing surface to 
the outside of the cartridge produce leak paths. 
Summary of Invention 


[0003] In accordance with an embodiment of tlie present inven- 
tion, a multi-level seal or gasket may include a first seal- 
ing portion adapted to form a first seal between interfac- 
ing surfaces of a first subassembly and a second sub- 
assembly. The multi-level seal or gasket may also include 
at least one other sealing portion attached to the first 
sealing portion and partially detached from the first seal- 
ing portion to form at least a second seal. The second seal 
being formed between at least two other respective inter- 
facing surfaces of the first and second subassemblies at a 
level different from the first seal. 

[0004] In accordance with another embodiment of the present in- 
vention, a multi-level seal or gasket may include a layer of 
material and a plurality of slits, cuts or openings formed 
through the layer of material to form a plurality of sealing 
portions. Each sealing portion may be adapted to form a 
seal at different levels, elevations or topologies within an 
assembly. 

[0005] In accordance with another embodiment of the present in- 
vention, a printer cartridge may include a first cartridge 
subassembly and a second cartridge subassembly. A 
multi-level seal or gasket may be disposed between the 
first cartridge subassembly and the second cartridge sub- 


assembly. The multi-level seal or gasket may include a 
first sealing portion adapted to form a first seal between 
interfacing surfaces of the first cartridge subassembly and 
the second cartridge subassembly. The multi-level seal or 
gasket may also include at least one other sealing portion 
attached to the first sealing portion and partially detached 
from the first sealing portion to form at least a second 
seal. The second seal being formed between at least two 
other respective interfacing surfaces of the first and sec- 
ond cartridge subassemblies at a level different from the 
first seal. 

[0006] In accordance with another embodiment of the present in- 
vention, a method of making a multi-level seal or gasket 
may include forming a first sealing portion adapted to 
form a first seal between interfacing surfaces of a first 
subassembly and a second subassembly. The method may 
also include forming at least one other sealing portion at- 
tached to the first sealing portion and partially detached 
from the first sealing portion to form at least a second 
seal. The second seal being formed between at least two 
other respective interfacing surfaces of the first and sec- 
ond subassemblies at a level different from the first seal. 

[0007] In accordance with another embodiment of the present in- 


vention, a method of making or refurbishing a printer car- 
tridge may include providing a first cartridge subassembly 
and providing a second cartridge subassembly. The 
method may further include disposing a multi-level seal 
or gasket between the first cartridge subassembly and the 
second cartridge subassembly. The multi-level seal or 
gasket may be formed by a method including forming a 
first sealing portion adapted to form a first seal between 
interfacing surfaces of the first cartridge subassembly and 
the second cartridge subassembly. The method of forming 
the multi-level seal may also include forming at least one 
other sealing portion attached to the first sealing portion 
and partially detached from the first sealing portion to 
form at least a second seal. The second seal being formed 
between at least two other respective interfacing surfaces 
of the first and second cartridge subassemblies at a level 
different from the first seal. 
Brief Description of Drawings 

[0008] Figure 1 is a top view of a multi-level seal or gasket in ac- 
cordance with an embodiment of the present invention. 

[0009] Figure 2 is a top view of a multi-level seal or gasket in ac- 
cordance with another embodiment of the present inven- 
tion. 


[0010] Figure 3 is an exploded view of an example of an 

unassembled printer cartridge in accordance with an em- 
bodiment of the present invention. 

[0011] Figure 4 is a top view of a multi-level seal or gasket in ac- 
cordance with another embodiment of the present inven- 
tion. 

[0012] Figure 5 is a side elevation view of the multi-level seal or 
gasket of Figure 4 taken along lines 5-5. 
Detailed Description 

[0013] The following detailed description of preferred embodi- 
ments refers to the accompanying drawings which illus- 
trate specific embodiments of the invention. Other em- 
bodiments having different structures and operations do 
not depart from the scope of the present invention. 

[0014] Figure 1 is a top view of a multi-level seal 100 or gasket 
in accordance with an embodiment of the present inven- 
tion. The multi-level seal 100 may include a first sealing 
portion 102 adapted to form a first seal between interfac- 
ing surfaces of a first subassembly and a second sub- 
assembly. The multi-level seal 100 may also include at 
least one other sealing portion 104 attached to the first 
sealing portion and partially detachable from the first 
sealing portion 102 to form at least a second seal. The 


second seal may be formed between at least two respec- 
tive interfacing surfaces of the first and second sub- 
assemblies at a level different from the first seal as will be 
described in more detail with reference to an example ap- 
plication of a multi-level seal in Figure 3. The at least one 
other sealing portion 104 may be concentric with the first 
sealing portion 102 and may be attached to the first seal- 
ing portion 102 at a plurality of attachment points 106 at 
predetermined locations. The first sealing portion 102 and 
the at least one other sealing portion 104 may each form 
a substantially rectangular shaped boundary as shown in 
Figure 1. Alternatively, the first sealing portion 102 and 
the at least one other sealing portion may form any 
shaped boundary depending upon the application and the 
configuration of the interfacing surfaces between which 
the multi-level seal 100 may be disposed. 
[0015] The multi-level seal 100 may be formed from a single 
layer of material. The layer of material may be de- 
formable, elastic or stretchable material, such as a closed 
cell foam, a latex or other elastic, nonporous type mate- 
rial. A plurality of slits 108, opening or cuts may be 
formed through the material to form or define the first 
sealing portion 102 and the at least one other sealing 


portion 104. A center opening 110 may be formed in tlie 
multi-level seal 100 such as for use in a printer cartridge 
or the like as will be described with reference to Figure 3. 
The plurality of slits 108 may include a first pair 112 of 
substantially parallel slits and a second pair 114 of sub- 
stantially parallel slits. The second pair 114 of slits may 
be substantially perpendicular to the first pair 112 of slits 
and nonintersecting with the first pair 112 of slits to inte- 
grally form each the plurality of attachment points 106. 
The first and second pairs 112 and 114 of slits may be 
formed or cut to form each of the first sealing portion 102 
and second sealing portion 104 in a substantially rectan- 
gular or square shaped boundary 116. Alternatively, the 
plurality of slits 108 may be formed in any selected pat- 
tern depending upon the design or geometry of the multi- 
level interfacing surfaces to which the multi-level seal 100 
may be applied. 

[0016] In accordance with one embodiment of the present inven- 
tion, the first pair 112 of slits may extend a predeter- 
mined distance or length "L" past or beyond the second 
pair 114 of slits to facilitate the first sealing portion 102 
and the at least one other sealing portion 104 forming 
seals between respective interfacing surfaces on different 


levels or elevations of an assembly, such as the assembly 
or printer cartridge 300 of Figure 3. The predetermined 
length "L" may be a function of or determined by the dif- 
ference in level or elevation between a first seal formable 
by the first sealing portion 102 and at least a second seal 
104 formable by the at least one other sealing portion 
104 in the assembly. 

[0017] In accordance with another embodiment of the present in- 
vention shown in Figure 2, a multi-level seal 200 or gas- 
ket may include a second pair 214 of slits extending a 
predetermined distance or length "L" past or beyond a 
first pair 212 of slits to facilitate a first sealing portion 
202 and at least one other sealing portion 204 forming 
seals at different levels or elevation of an assembly. Simi- 
lar to the seal 100 in Figure 1, the predetermined length 
"L" may be determined by the difference in level or eleva- 
tion between the interfacing surfaces of an assembly 
where the multi-level seal 200 may be applied. 

[0018] An example of an application of a multi-level seal or gas- 
ket, such as the multi-level seal or gasket 100 or 200 of 
Figures 1 and 2, respectively, is shown in Figure 3. Figure 
3 is an exploded view of an example of an unassembled 
printer cartridge 300 in accordance with an embodiment 


of the present invention. Tlie printer cartridge 300 in- 
cludes a magnetic or mag roller subassembly 302 and a 
toner hopper subassembly 304. Each of the mag roller 
subassembly 302 and the toner hopper subassembly 304 
may have interfacing surfaces that abut or interface at dif- 
ferent levels or elevations when the two subassemblies 
302 and 304 are assembled to form the completed printer 
cartridge 300. As best shown on the toner cartridge sub- 
assembly 304, the subassembly 304 may have a first in- 
terfacing surface 306 and a recessed second interfacing 
surface 308 at a different level or elevation from the first 
surface 306. Each of the first and second interfacing sur- 
face surfaces 306 and 308 will abut mating interfacing 
surfaces (not shown in Figure 3) formed in a under side 
310 of the mag roller subassembly 302. The interfacing 
surfaces 306 and 308 may be joined by substantially ver- 
tical side walls 312 and substantially vertical or slanted 
end walls 314. In some designs, both the side walls 312 
and end walls 314 may be substantially vertical or slanted 
or inclined a predetermined slope. Both of the interfacing 
surfaces 306 and 308 are preferably sealed to prevent 
toner material from leaking from the toner hopper sub- 
assembly 304. To prevent leakage of toner, a multi-level 


seal 316 or gasket may be disposed between the mag 
roller subassembly 302 and the toner hopper subassem- 
bly 304 when the printer cartridge 300 is assembled. The 
multi-level seal 316 may be similar to the multi-level 
seals 100 and 200 described with respect to Figures 1 and 
2. The multi-level seal 316 may include a first sealing 
portion 318 to contact the first interfacing surface 306 of 
the toner hopper subassembly 304 and a second sealing 
portion 320 to contact the recessed interfacing surface 
308. The multi-level seal 316 may be formed from a sin- 
gle layer 322 of material. The material may be a closed 
cell foam, latex or other deformable or elastic, nonporous 
type material with characteristics to keep the fine toner 
material within the cartridge 300 and moisture out. The 
material may also be an open cell foam or porous if com- 
pression is sufficient to close the cell structure when the 
subassemblies 302 and 304 are assembled to form the 
printer cartridge 300 and to substantially keep the toner 
in and moisture out. The material may be stretchable, 
elastic and deformable to facilitate forming an efficient 
seal at different levels between the two subassemblies 
302 and 304. 

[0019] The first sealing portion 318 and the second sealing por- 


tion 320 may be formed by cutting or forming a plurality 
of slits 324 in the layer 322. The slits 324 may be cut in a 
selected pattern such that the first and second sealing 
portions 318 and 320 are concentric and form substan- 
tially rectangular shaped boundaries 326. The slits 324 
may also be cut to integrally form a plurality of attach- 
ment points 328 to attach the first sealing portion 318 to 
the second sealing portion 320. The attachment points 
328 may be proximate to the corners of the substantially 
rectangular boundaries 326. The attachment points 328 
may facilitate proper alignment between the first and sec- 
ond sealing portions 318 and 320 and the first and sec- 
ond interfacing surfaces 306 and 308. 
[0020] Similar to that discussed with respect to Figures 1 and 2, 
the plurality of slits 324 may include a first pair 330 of 
substantially parallel slits and a second pair 332 of sub- 
stantially parallel slits. The first pair 330 of slits may ex- 
tend a predetermined length beyond the second pair 332 
of slits to facilitate the first and second sealing portions 
318 and 320 forming seals at different levels or eleva- 
tions. 

[0021] The multi-level seal 316 may also include at least a sec- 
ond layer 334 of material that may be an adhesive, such 


as a pressure sensitive adhesive or the like. The adhesive 
layer 334 may facilitate positioning and retaining the first 
and second sealing portions 318 and 320 in place on the 
respective interfacing surfaces 306 and 308 of the toner 
hopper subassembly 304 or alternatively on the magnetic 
roller assembly 302. The adhesive layer 334 may also hold 
the second sealing portion 320 in position to prevent the 
layer 324 from interfering with a conductive strip 336 that 
forms a portion of the toner level sensing mechanism in- 
tegral to the mag roller subassembly 302 when the mag 
roller subassembly 302 and toner hopper subassembly 
304 are joined together to form the printer cartridge 300. 
The adhesive layer 334 may further prevent the second 
sealing portion 320 from extending over the recessed 
second interfacing surface 308 and partially protruding 
into an opening 338 of the toner hopper subassembly 
304. Thus, preventing toner from possibly becoming 
trapped underneath the seal 316. 
[0022] The printer cartridge 300 may also include a pull film 340 
that may be disposed between the multi-level seal 316 
and the mag roller subassembly 320 during assembly. 
The pull film 340 is designed to seal the toner in the toner 
hopper subassembly 304 during transit and prior to an 


end user installing the cartridge 300 in a printer. The pull 
film 340 may be folded back on itself as shown in Figure 3 
with an end 342 extending outside of an end of the car- 
tridge 300 after assembly. The end 342 of the film 340 is 
adapted for an end user to grip the end 342 and pull the 
film 340 to remove the film 340 and permit toner to com- 
municate between the toner hopper subassembly 304 and 
the magnetic roller subassembly 302 for printing. The ad- 
hesive layer 334 on the multi-level seal 316 may also pre- 
vent the seal 316 from shifting or bunching during re- 
moval of the pull film 340 to prevent toner leakage. 
[0023] Figure 4 is a top view of a multi-level seal 400 or gasket 
in accordance with another embodiment of the present in- 
vention. The multi-level seal 400 may be formed from a 
single layer 402 of material. The material may be a closed 
cell foam, latex or other deformable, elastic and non- 
porous type material. As previously discussed, the mate- 
rial may also be an open cell foam, porous type material 
or the like if compression on the multi-level seal 400 is 
sufficient to close the cell structure when the seal 400 is 
in use. A plurality of openings or slits 404 may be formed 
or cut therein to form multiple sealing portions 406. Each 
of the multiple sealing portions 406 may be adapted to 


form a seal at different levels or elevations within an as- 
sembly, such as the printer cartridge 300 of Figure 3 or 
the like. The plurality of slits 404 may be formed in a se- 
lected pattern to form the multiple sealing portions 406 
according to the design or geometry of the structure or 
assembly in which the multi-level seal 400 may be used. 
The sealing portions 406 may be concentric and each 
form a boundary having a predetermined shape. While the 
pattern of the slits 404 in Figure 4 are shown to be sub- 
stantially parallel and perpendicular to each other to form 
the multiple sealing portions 406 in substantially rectan- 
gular shaped boundaries, the sealing portions may be 
formed in other predetermined geometric shapes as well 
depending upon the desired need. For example the pre- 
determined shape of the sealing portions 406 may be 
substantially circular, elliptical, multisided or the like. 
[0024] The plurality of slits 404 may be nonintersecting to inte- 
grally form attachment points 408 at predetermined loca- 
tions to attach each sealing portion 406 to an adjacent 
sealing portion 406. The plurality of slits 404 may also in- 
clude pairs of slits extending in one direction that extend 
a predetermined length past or beyond associated pairs of 
slits extending in another direction to define each sealing 


portion 406. The extended predetermined lengtli may fa- 
cilitate tlie different sealing portions 406 forming seals at 
different levels or elevations within an assembly as previ- 
ously described. The predetermined length may be deter- 
mined by the difference in level between each seal formed 
by each of the plurality of sealing portions 406. 
[0025] Figure 5 is a side elevation view of the multi-level seal 

400 or gasket of Figure 4 taken along lines 5-5. As shown 
in Figure 5, the each of the multiple sealing portions 406 
may extend accordion-like to accommodate forming seals 
at different levels of interfacing surfaces of an assembly. 
A window 500 may be formed or defined by a spacing be- 
tween each of the sealing portions 406. The multi-level 
seal 400 may also include a second layer of material (not 
shown) that may be a adhesive layer to facilitate retaining 
the multi-level seal 400 in place on surfaces with differing 
topologies. 

[0026] Although specific embodiments have been illustrated and 
described herein, those of ordinary skill in the art appre- 
ciate that any arrangement which is calculated to achieve 
the same purpose may be substituted for the specific em- 
bodiments shown and that the invention has other appli- 
cations in other environments. This application is in- 


tended to cover any adaptations or variations of tlie 
present invention. Tlie following claims are in no way in- 
tended to limit the scope of the invention to the specific 
embodiments described herein. 


